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Sir: 

With reference to the filing in the United States Patent and Trademark Office of a Continuation 
application of a PCT application-, pursuant to 35 U.S.C. 1 1 1(a) in the name of: 

Jonathan Robert LAMB, Margaret Jane DALLMAN, Gerard Francis HOYNE 

entitled: NOTCH 

X_ This is an application of a small entity under 37 CFR 1 .9(f) and as only an unsigned 
Small Entity Verified Statement is enclosed, large entity fees have been paid, and a 
refund is respectfully requested upon the filing of the signed version of the Small Entity 
Verified Statement. 

X. Small Entity Verified Statement is enclosed. 

The following are enclosed: 

X Specification (28 pages) 

X JH Sheet(s) of Drawings (Figs. 1 to 9) 

JL 26 Claim(s) (including 13 independent claim(s)) 

_ This application contains a multiple dependent claim 

Ji_ Oath or Declaration and Power of Attorney signed X unsigned 

X Preliminary' Amendment 

X_ Our check for $824.00 , calculated as follows: 

Basic Fee, $760.00 ($380.00) $ 380.00 

Number of Claims in excess of 20 at $18.00 ($9.00) each: 54.00 

Number of Independent Claims in excess of 3 at $78.00 ($39.00) each: 390.00 
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Multiple Dependent Claim Fee at $260.00 ($130.00) 

Total Filing Fee 

Assignment Recording Fee $40.00 

X Pursuant to MPEP § 1 895, enclosed is a copy of the PCT Request which is submitted as evidence that the 
instant continuation is copending with the PCT application and has at least one inventor in common 
therewith. 

Certified copy of each of the following application(s) to substantiate the claim(s) for priority made in the 
Declaration: 



Please charge any additional fees required for the filing of this application or credit any 
overpayment to Deposit Account No. 50-0320. 



Application No. 
PCT/GB97/03058 



Filed 



11/6/97 
11/7/96 
7/24/97 
9/11/97 



Is 

PCT . 



9623236.8 
9715674.9 
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Attorneys for Applicant /) / a 




Thomas J. Kowalski 
Registration No. 32,147 



erpl692 



Applicant or Patentee: LAMB ET AL. 

Serial or Patent No.: 
Filed or Issued: 
For: NOTCH 



FROMMER LAWRENCE & HAUG, LLP 

File No.: 674525-2001 
Page of 3 



VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR L9(fl and L27(cY> - SMALL BUSINESS CONCERN 

I hereby declare that I am 

the owner of the small business concern identified below: 

an officer of the small business concern empowered to act on behalf of the 
concern identified below: 



NAME OF CONCERN 
ADDRESS OF CONCERN 



LORANTIS LIMITED 

38 JERMYN STREET 
LONDON, SW1 SDN 
ENGLAND 



I hereby declare that the above-identified small business concern qualifies as a small business 
concern as defined in 13 CFR 121.12, and reproduced in 37 CFR 1.9(d), for purposes of paying 
reduced fees to the United States Patent and Trademark Office, in that the number of employees 
of the concern, including those of its affiliates, does not exceed 500 persons. For purposes of this 
statement, (1) the number of employees of the business concern is the average over the previous 
fiscal year of the concern of the persons employed on a full-time, part-time or temporary basis 
during each of the pay periods of the fiscal year, and (2) concerns are affiliates of each other 
when either, directly or indirectly, one concern controls or has the power to control the other, or a 
third party or parties controls or has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to and remain with the 
small business concern identified above with regard to the invention, entitled NOTCH by 
inventor(s) JONATHAN ROBERT LAMB, MARGARET JANE DALLMAN, AND 
GERARD FRANCIS HOYNE described in 

the specification filed herewith. 



Applicant or Patentee: LAMB ET AL. 

Serial or Patent No.: 
Filed or Issued: 
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X application serial no. , filed . 

patent no. issued 

If the rights held by the above-identified small business concern are not exclusive, each 
individual, concern or organization having rights to the invention is listed below* and no rights to 
the invention are held by any person, other than the inventor, who would not qualify as an 
independent inventor under 37 CFR 1 .9(c) if that person made the invention, or by any concern 
which would not qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit 
organization under 37 CFR 1.9(e). 

*NOTE: Separate verified statements are required from each named person, concern or 
organization having rights to the invention averring to their status as small entities 
(37 CFR 1.27). 

FULL NAME 

ADDRESS 

_ INDIVIDUAL _ SMALL BUSINESS _ NONPROFIT 

CONCERN ORGANIZATION 



FULL NAME_ 
ADDRESS 



INDIVIDUAL _ SMALL BUSINESS _ NONPROFIT 

CONCERN ORGANIZATION 



FULL NAME 
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Filed or Issued: 
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ADDRESS 

_ INDIVIDUAL SMALL BUSINESS _ NONPROFIT 

CONCERN ORGANIZATION 



I acknowledge the duty to file, in this application or patent, notification of any change in status 
resulting in loss of entitlement to small entity status prior to paying, or at the time of paying, the 
earliest of the issue fee or any maintenance fee due after the date on which status as a small entity 
is no longer appropriate. (37 CFR 1.28(b)) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application, any 
patent issuing thereon, or any patent to which this verified statement is directed. 

NAME OF PERSON SIGNING -CFohhJ £*WM& ^Z t^^SHJ 

TITLE OF PERSON 

(if other than owner) J) r/t^^7 g/f 

ADDRESS OF PERSON SIGNING 4iJteu± /j C k . AfA* /&* Co/i^A 46? U/ 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s) 
U.S. Serial No. 
Corresponding Intl. App. 
International Filing Date 
Priority Date Claimed 

For 



Lamb et ah 
NYA 

PCT/GB97/03058 

6 November 1997 

7 November 1996 



NOTCH 



745 Fifth Avenue 
New York, NY 10151 
May 4, 1999 



EXPRESS MAIL 

Mailing Label Number: EL197528507US 



Date of Deposit: 



May 4, 1999 



I hereby certify that this paper or fee is being deposited with the 
United States Postal Service "Express Mail Post Office to 
Addressee" Service under 37 CFR 1.10 on the date indicated 
above and is addressed to: Assistant Commissioner for Patents, 
Washington, DC 20231. 



(Typed or printed name of person mailing paper or fee) 



(Signature of person mailing paper or fee) 



PRELIMINARY AMENDMENT 

Box PCT 

Hon. Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination and fee calculation, and without any prejudice, admission, 
surrender of subject matter, or any intention of creating any estoppel as to equivalents, kindly 
amend the application as follows: 
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IN THE SPECIFICATION: 

Please amend the specification as follows: 
Page 1, under "NOTCH" please insert: 

-This application is a continuation-in-part of PCT application PCT/GB97/63058, 
filed November 6, 1997 and designating the U.S. (published as WO 98/20142 on May 14, 1998), 
claiming priority from U.K. applications 9623236.8, 9715674.9, and 9719350.2, filed November 
7, 1-996, July 24, 1997 and September 11, 1997, respectively; and each of these applications, 
each document cited in each of these applications, and all documents cited in the following text, 
are hereby incorporated herein by reference.- 

Page 12, line 3, after "physician" and before the period ("."), please insert: 
for instance, taking into account such factors as the age, weight, sex, species, 
general health/condition of the patient, the condition to be treated, timing of treatments, the LD 50 
of the active ingredient involved in a suitable animal mode (e.g., rodent, mice), and other known 
factors; and such dosages can be on the order of micrograms to milligrams such as on the order 
of 0.5 to 500 micrograms, or another suitable amount, or can be computed from Examples 
herein, e.g., considering the average weight of a typical test animal (such as mice) and the 
dosages administered thereto (e.g., 100 micrograms), and thus the skilled artisan can determine 
dosages without undue experimentation- 
Page 12, after line 8 and before line 9, please insert the following: 
—Examples of compositions of the invention include liquid preparations for 
orifice, e.g., oral, nasal, anal, vaginal, peroral, intragastric, mucosal (e.g., perlingual, alveolar, 
gingival, olfactory or respiratory mucosa) etc., administration such as suspensions, syrups or 
elixirs; preparations for parenteral, subcutaneous, intradermal, intramuscular or intravenous 
administration (e.g., injectable administration), such as sterile suspensions or emulsions; and, 
preparations for topical administration, e.g., creams, gels, ointments and the like. Such 
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compositions may be in admixture with a suitable carrier, diluent, or excipient such as sterile 
water, physiological saline, glucose or the like. The compositions can also be lyophilized. The 
compositions can contain auxiliary substances such as wetting or emulsifying agents, pH 
buffering agents, gelling or viscosity enhancing additives, preservatives, flavoring agents, colors, 
and the like, depending upon the route of administration and the preparation desired. Standard 
texts, such as "REMINGTON'S PHARMACEUTICAL SCIENCE 1 ', 17th edition, 1985, 
incorporated herein by reference, may be consulted to prepare suitable preparations, without 
undue experimentation. 

Compositions of the invention are conveniently provided as liquid preparations, 
e.g., isotonic aqueous solutions, suspensions, emulsions or viscous compositions which maybe 
buffered to a selected pH. If digestive tract absorption is preferred, compositions of the 
invention can be in the "solid" form of pills, tablets, capsules, caplets and the like, including 
"solid" preparations which are time-released or which have a liquid filling, e.g., gelatin covered 
liquid, whereby the gelatin is dissolved in the stomach for delivery to the gut. 

If nasal or respiratory (mucosal) administration is desired, compositions may be in 
a form and dispensed by a squeeze spray dispenser, pump dispenser or aerosol dispenser. 
Aerosols are usually under pressure by means of a hydrocarbon. Pump dispensers can preferably 
dispense a metered dose or, a dose having a particular particle size. "A self-pressurized 
packaging form with a permanently attached continuous or metering valve and designed to 
dispense products such as sprays, streams, gels, foams, lotions or gases" is a typical term for an 
"aerosol". An "aerosol" is also "small particles of a liquid or solid suspended in gas." Thus, 
liquids and/or solids can be in an aerosol form of the invention; and, the particle size thereof can 
be any suitable amount for absorption by mucosal, e.g., alimentary tract, lungs, nasal mucosa, 
and the like, such as having a majority of particles by weight, e.g., 90% by wt or greater such as 
95% by wt or greater having an average diameter or size of about 10 fim - about 100 \im for 
nasal absorption, and a majority of particles, e.g., 90% by wt or greater such as 95% by wt or 
greater having a diameter or size less than about 10 \im, e.g., about 3- about 7 jim for absorption 
in the lungs; see, e.g., U.S. Patent No. 5,804,212 and documents cited therein, hereby 
incorporated herein by reference. 

Compositions of the invention can contain pharmaceutically acceptable flavors 
and/or colors for rendering them more appealing, especially if they are administered orally. The 
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viscous compositions may be in the form of gels, lotions, ointments, creams and the like and will 
typically contain a sufficient amount of a thickening agent so that the viscosity is from about 
2500 to 6500 cps, although more viscous compositions, even up to 10,000 cps may be employed. 
Viscous compositions have a viscosity preferably of 2500 to 5000 cps, since above that range 
they become more difficult to administer. However, above that range, the compositions can 
approach solid or gelatin forms which are then easily administered as a swallowed pill for oral 
ingestion. 

Liquid preparations are normally easier to prepare than gels, other viscous 
compositions, and solid compositions. Additionally, liquid compositions are somewhat more 
convenient to administer, especially by injection or orally, to animals, children, particularly small 
children, and others who may have difficulty swallowing a pill, tablet, capsule or the like, or in 
multi-dose situations. Viscous compositions, on the other hand, can be formulated within the 
appropriate viscosity range to provide longer contact periods with mucosa, such as the lining of 
the stomach or nasal mucosa. 

Obviously, the choice of suitable carriers and other additives will depend on the 
exact route of administration and the nature of the particular dosage form, e.g., liquid dosage 
form (e.g., whether the composition is to be formulated into a solution, a suspension, gel or 
another liquid form), or solid dosage form (e.g., whether the composition is to be formulated into 
a pill, tablet, capsule, caplet, time release form or liquid-filled form). 

Solutions, suspensions and gels, normally contain a major amount of water 
(preferably purified water) in addition to the antigen, lipoprotein and optional adjuvant. Minor 
amounts of other ingredients such as pH adjusters (e.g., a base such as NaOH), emulsifiers or 
dispersing agents, buffering agents, preservatives, wetting agents, jelling agents, (e.g., 
methylcellulose), colors and/or flavors may also be present. The compositions can be isotonic, 
i.e., it can have the same osmotic pressure as blood and lacrimal fluid. 

The desired isotonicity of the compositions of this invention may be 
accomplished using sodium chloride, or other pharmaceutically acceptable agents such as 
dextrose, boric acid, sodium tartrate, propylene glycol or other inorganic or organic solutes. 
Sodium chloride is preferred particularly for buffers containing sodium ions. 

Viscosity of the compositions may be maintained at the selected level using a 
pharmaceutically acceptable thickening agent. Methylcellulose is preferred because it is readily 
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and economically available and is easy to work with. Other suitable thickening agents include, 
for example, xanthan gum, carboxymethyl cellulose, hydroxypropyl cellulose, carbomer, and the 
like. The preferred concentration of the thickener will depend upon the agent selected. The 
important point is to use an amount which will achieve the selected viscosity. Viscous 
compositions are normally prepared from solutions by the addition of such thickening agents. 

A pharmaceutical^ acceptable preservative can be employed to increase the 
shelf-life of the compositions. Benzyl alcohol may be suitable, although a variety of 
preservatives including, for example, parabens, thimerosal, chlorobutanol, or benzalkonium 
chloride may also be employed. A suitable concentration of the preservative will be from 0.02% 
to 2% based on the total weight although there may be appreciable variation depending upon the 
agent selected. 

Those skilled in the art will recognize that the components of the compositions 
must be selected to be chemically inert with respect to the active ingredient. This will present no 
problem to those skilled in chemical and pharmaceutical principles, or problems can be readily 
avoided by reference to standard texts or by simple experiments (not involving undue 
experimentation), from this disclosure and the documents cited herein. 

In addition, compositions of the invention can be administered in conjunction 
with other therapy in accordance with this invention, or can be administered in conjunction with 
other therapies for the condition being treated, either simultaneously or sequentially; and, therapy 
can be administered in intervals suitable for treating the particular condition being treated, 
without undue experimentation, by the practitioner taking into consideration typical factors, such 
as those discussed herein. 

The compositions of this invention are prepared by mixing the ingredients 

following generally accepted procedures. For example, the selected components may be simply 
mixed in a blender, or other standard device to produce a concentrated mixture which may then 
be adjusted to the final concentration and viscosity by the addition of water or thickening agent 
and possibly a buffer to control pH or an additional solute to control tonicity. Generally the pH 
may be from about 3 to 7.5. Compositions can be administered in dosages and by techniques 
well known to those skilled in the medical and veterinary arts taking into consideration such 
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factors as mentioned herein, e.g., the age, sex, weight, and condition of the particular patient or 
animal, and the composition form used for administration (e.g., solid vs. liquid). Dosages for 
humans or other mammals can be determined without undue experimentation by the skilled 
artisan, from this disclosure, the documents cited herein, the Examples below (e.g., from the 
Examples involving mice).— 

TN THE CLAIMS: 

Please amend the claims as follows: 
Claim 4. line 1 : change "any of claims 1 to 3" to -claim 1--. 
3 Claim 11. line 1 : change "claim 7, 8, 9 or 10" to -claim 7-. 

■ I Claim 12. line 1 : change "any of claims 7 to 11 " to -claim 7~. 

.:--:(. 

KM 

m Claim 14. line 1 : delete "or 13". 

W Claim 17. line 1 : delete "or 16". 



REMARKS 

This application includes multiple claim dependencies. The amendment removes 
the multiple claim dependencies, and the filing fee for this application was computed on the basis 
that no dependent claim depends from more than one preceding claim. This amendment also 
adds a lineage to the specification. No new matter is added. 
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Entry of this amendment and an early examination on the merits are respectfully 

solicited. 

Respectfully submitted, 



FROMMER LAWRENCE & HAUG LLP 




Reg. No. 32,147 
Tel. (212) 588-0800 



! •: 
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NOTCH 

The present invention relates to use of therapeutic compounds in the 
modification of T-cell activation. In particular it relates to their use in 
5 modulating the interaction between Notch protein family members and their 
ligands and to the use of such compounds in the therapy of conditions such as 
graft rejection, autoimmunity, allergy, asthma, infectious diseases and 
tumours. 

10 The controlled interaction between T cells and between antigen presenting 
cells (APC) and T cells is vital to the function of the human immune system. 
However in certain pathological states it may be therapeutically beneficial to 
modify, positively or negatively, such interactions. For example, in conditions 
such as autoimmunity, allergy and graft rejection it is desirable to induce the 

15 downregulation of an immune response by stimulation of negative T cell or T 
cell- APC interaction. Models of "infectious tolerance" and "linked 
suppression" suggest that tolerance may be induced in a small number of T 
cells and that these T cells then transmit this tolerance to other T cells thus 
preventing an effective immunological attack. In other pathological conditions 

20 such as tumour induced immunosuppression, parasitic viral or bacterial 
infections, immunosuppression is a common feature. In such circumstances it 
would therefore be desirable to inhibit the T cell interactions passing on the 
infectious tolerance. 

25 However until now the mechanisms underlying such T ceil and T celi-APC 
interactions have not been understood. 
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WO 92/19734 purports to disclose the nucleotide sequences of the human 
Notch and Delta genes and amino acid sequences of their encoded proteins. 
The disclosure shows that the Notch gene family has been well characterised 
as essential to the correct embryological cell lineage development of insects 
5 such as Drosophila. 

Proteins belonging to the Notch family are transmembrane receptors that 
contain several conserved peptide motifs. Each protein within the family 
displays characteristic extracellular EGF (epidermal growth factor)-like repeats 

10 and a juxtamembrane Lm-12/Notch motif. In addition each protein has 6-8 
ankyrin repeat motifs on the cytoplasmic tail together with a PEST sequence. 
The Notch ligands have a diagnostic DSL domain (J±.Delta, S_, Serrate, 
L,Lag2) comprising 20-22 amino acids at the amino terminus of the protein 
and between 3-8 EGF-like repeats on the extracellular surface. The proteins 

15 have a short cytoplasmic tail with no conserved functional domains. 

Recent evidence suggests that Notch signalling contributes to lineage 
commitment of immature T cells in the thymus, biasing thymocyte 
development towards the CD8+ lineage which is independent of MHC 

20 recognition (Robey E, et al. Cell 1996, 87:483-492). During maturation in 
the thymus, T cells acquire the ability to distinguish self antigens from those 
that are non-self, a process termed self tolerance (von Boehmer H, et al. Ann 
Rev Immunol. 1990;8:531). Mechanisms also exist in the periphery for the 
induction and maintenance of tolerance and in many respects their importance 

25 is under estimated. There are many experimental models of graft rejection, 
autoimmune disease and specific responses to allergens that clearly illustrate 
the ability to induce a state of specific unresponsiveness (tolerance or anergy) 
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in the recipient by immunisation with an antigen. From these systems two 
important findings arise. Firstly, immunisation with a peptide fragment of 
antigen under selected conditions may inhibit specific responses not only to 
itself but to other regions in the same molecule provided the intact protein is 

5 used for the challenge immunisation (linked suppression; Hoyne GF, et aL J. 
Exp Med. 1993; 178:183. and Metzler B, Wraith DC. Int. Immunol. 
1993;5:1159). Secondly, as best described in experimental models of 
transplantation is the phenomenon of "infectious tolerance" where it is 
postulated that immunocompetent cells made tolerant to a specific antigen are 

10 able to inhibit other cells from responding and further, that this second 
population of cells becomes regulatory and tolerant (Qin SX, et aL Science 
1993;258:974). The immunological mechanisms underlying these phenomena 
have not so far been characterised. 

15 The present invention arises from the discovery that the Notch receptor family 
and its ligands. Delta and Serrate, are expressed on the cell surface of normal 
adult cells of the peripheral immune system. 

Hence there is provided according to the present invention, the use of a Notch- 
20 ligand in the manufacture of a medicament for use in immunotherapy. 

The expression pattern of the Notch family of receptors and their ligands in the 
normal peripheral adult immune system has not previously been described but 
the present inventors have shown that T cells express Notch 1 mRNA 
25 constitutively, while Delta expression is limited to only a subset of T cells in 
the peripheral lymphoid tissues. Serrate expression appears restricted to a 
subset of antigen presenting cells (APCs) in the periphery (Figure 1). Hence 
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this receptor ligand family may continue to regulate cell fate decisions in the 
immune system as has been shown in other tissues, beyond embryonic 
development (Ellisen LW, et al Cell 1991;66:649). Notch signalling may 
play a central role in the induction of peripheral unresponsiveness (tolerance 
5 or anergy) and may provide a physical explanation for linked suppression and 
infectious tolerance. 

The present invention further relates to the use of a jVo/cWigand in the treatment 
of a T cell mediated reaction. Thus, it has been observed that by exposing a 
10 population of naive T cells to a iVo/c/s-ligand expressed by an APC in the 
presence of an allergen or antigen, the jVo/cMigand is capable of making the T 
cell population tolerant to said allergen or antigen. Furthermore, this T cell 
population, when subsequently exposed to a second population of naive T cells 
is capable of rendering the second population tolerant to said allergen or antigen. 

15 

Thus, the invention also relates to the use of a Mrfcft-ligand in affecting linked 
tolerance and/or bystander tolerance (also known in the art as infectious 
tolerance). 

20 A further embodiment of the invention relates to the use of a NotchAigand in the 
modulation of the expression of a functional Afc/cA-protein or Notch signalling 
pathways. 

In the above described embodiments of the present invention, the NotchAigand 
25 may be exposed to the T cells by incubating/mixing the T cells with antigen 
presenting cells (APCs) or the like, that express or overexpress a NotchAigznd in 
the presence of an allergen or antigen. The (over)expression of the jVo/c/z-ligand 
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gene may be brought about by the APCs being transfected with a gene capable 
of expressing a iVo/c/i-ligand or by the APCs being exposed to an agent capable 
of up-regulating expression of endogenous MrtcMigand gene(s). 
Suitable agents that influence expression of MtfcA-ligands include agents that 

5 affect the expression of Delta and/or Serrate genes. For instance, for Delta 
expression, binding of extracellular BMPs (bone morphogenetic proteins, 
Wilson, P. A. and Hemmati-Brivanlou A. 1997 Neuron 18: 699-710, 
Hemmati-Brivanlou, A and Melton, D. 1997 Cell 88:13-17) to their 
receptors leads to down-regulated Delta transcription due to the inhibition of the 

10 expression of the Achaete/Scute Complex transcription factor. This complex is 
believed to be directly involved in the regulation of Delta expression. Thus, any 
agent that inhibits the binding of BMPs to their receptors is capable of producing 
an increase in the expression of Delta and/or Serrate. Such agents include 
Noggin, Chordin, Follistatin, Xnr3, FGFs, Fringe and derivatives and variants 

15 thereof (see references for noggin-Smith W. C. and Harland, R.M Cell 
70:829-840, chordin-Sasai, Yet al., 1994 Cell 79: 779-790). Noggin and 
Chordin bind to BMPs thereby preventing activation of their signalling cascade 
which leads to decreased Delta transcription. 

20 In some disease states, the body may be immuno-compromised and it may be 
desirable to downregulate the expression of Delta and/or Serrate in order to 
overcome the imposed immunosuppression. Agents that inhibit the expression of 
Delta and/or Serrate may be used in such circumstances. An example of agents 
that inhibit the expression of Delta and/or Serrate include the Toll protein 

25 (Medzhitov, R.et al., 1997 Nature 388: 394-397) BMPs and other agents that 
decrease or interfere with the production of Noggin, Chordin, Follistatin. Xnr3, 
FGFs and Fringe. Thus, the invention further relates to the use of an agent 
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capable of downregulating the expression of Delta or Serrate proteins in the 
manufacture of a medicament for use in reversing bacteria infection or 
tumour-induced immunosuppression. 

5 As discussed above, the invention also relates to the modification of Notch- 
protein expression or presentation on the cell membrane or signalling pathways. 
These have been shown to be involved in T-cell mediated responses that 
participate in the induction of tolerance (linked and/or bystander). Agents that 
enhance the presentation of a fully functional Afofc/i-protein on the cell surface 

10 include matrix metalloproteinases such as the product of the Kuzbanian gene of 
Drosophila (Dkuz, Pan, D and Rubin, G.M. 1997 Cell 90: 271-280) and other 
ADAMALYSIN gene family members. Agents that reduce or interfere with its 
presentation as a fully functional cell membrane protein may include MMP 
inhibitors such as hydroxymate-based inhibitors. 

15 

The term "antigen presenting cell or the like" as used herein, is not intended to 
be limited to APCs. The skilled man will understand that any vehicle capable of 
presenting the desired jVordz-ligand to the T cell population may be used, for the 
sake of convenience the term APCs is used to refer to all these. Thus examples 
20 of suitable APCs include dendritic cells. L cells, hybridomas, lymphomas, 
macrophages, B cells or synthetic APCs such as lipid membranes. 

When the APCs are transfected with a gene capable of expressing a Notch- 
ligand, the transfection may be brought about by a virus such as a retrovirus or 
25 adenovirus, or by any other vehicle or method capable of delivering a gene to the 
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cells. These include any vehicles or methods shown to be effective in gene 
therapy and include retroviruses, liposomes, eiectroporation, other viruses 
such as adenovirus, adeno-associated virus, herpes virus, vaccinia, calcium 
phosphate precipitated DNA, DEAE dextran assisted transfection, 
5 microinjection, polyethylene glycol, protein-DNA complexes. 

Using such vehicles or methods alone or in combination it is possible to site- 
direct the gene delivery to a particular population of cells, thus enabling the 
method of the present invention to be performed JnvivQ. For example, a virus 
10 may be used in combination with liposomes in order to increase the efficiency 
of DNA uptake. The site specificity of the delivery may be achieved by the 
inclusion of specific proteins (eg a single chain, antibody reactive with 
CD1 lc for dendritic cells/macrophages) in the viral coat or liposome. 

15 Preferably, constructs through which expression of the the gene (eg serrate) 
is linked to antigen expression would be used. APCs (over)expressing 
Serrate would therefore also express high levels of the relevant antigen and 
so preferentially interact with T cells of the appropriate specificity. 

20 A further embodiment of the present invention relates to a molecule comprising 
a Notch-ligmd moiety operably linked to a T cell allergen or antigen moiety 
such that upon exposure to T cells both moieties are capable of binding to their 
respective sites. Such a molecule is capable of rendering an antigen/allergen 
specific T cell tolerant to the allergen or antigen upon which the allergen or 



25 
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antigen moiety is based, as the specificity required of the Notcfi-tigand moiety is 
provided by the close proximity of the allergen or antigen moiety. 

The antigen or allergen moiety may be, for example, a synthetic MHC-peptide 
5 complex. That is a fragment of the MHC molecule bearing the antigen groove 
bearing an element of the antigen. Such complexes have been described in 
Altman JD et al Science 1996 274: 94-6. 

In a further preferred embodiment, the compound is a fusion protein 
10 comprising a segment of Notch or Notch ligand extracellular domain and an 
immunoglobulin F c segment, preferably IgGF c or IgMF c . 

In all the above described embodiments of the present invention, it is preferable 
that the M?rc/j-ligand is of the Serrate family of proteins or Delta family of 
15 proteins, derivatives, fragments or analogs thereof. 

Diseased or infectious states that may be described as being mediated by T 
cells include any one or more of asthma, allergy, graft rejection, 
autoimmunity, tumour induced abberations to the T cell system and infectious 

20 diseases such as those caused by Plasmodium species, Microfilariae, 
Helminths, Mycobacteria, HTV, Cytomegalovirus, Pseudomonas, 
Toxoplasma, Echinococcus, Haemophilus influenza type B, measles, Hepatitis 
C or Toxicara. Thus, with use of the appropriate allergen or antigen, a Notch- 
ligand may be used in accordance with the present invention to treat the said 

25 disease or infection. 
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The invention also provides a method for detecting immune suppression induced 
by an invading organism. Such organisms may generate soluble forms of family 
members of Serrate, Notch and/or Delta or derivatives thereof or proteins that 
affect their expression in vivo, thus inducing infectious tolerance 
5 immunosuppression. The method comprises an assay for the presence of in vivo 
non-membrane bound Serrate, Delta, Notch or derivatives thereof and 
preferably comprises an antibody to Serrate, Delta or Notch or their derivatives. 

Methods of use in screening assays for the detection of increased or 
10 decreased Notch, Delta/Serrate expression and/or processing include: 

1. Delta/Serrate, Notch and Fringe expression being assessed following 
exposure of isolated cells to test compounds in culture using for example: 

15 (a) at the protein level by specific antibody staining using 
immunohistochemistry or flow cytometry. 

(b) at the RNA level by quantitative - reverse transcriptase-polymerase chain 
reaction (RT-PCR). RT-PCR may be performed using a control plasmid with 
20 in-built standards for measuring endogenous gene expression with primers 
specific for Notch 1 and Notch 2, Serrate 1 and Serrate 2, Delta 1 and Delta 

2, Delta 3 and Fringe. This construct may be modified as new ligand 
members are identified. 

25 (c) at the functional level in cell adhesion assays. 
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Increased Delta/Serrate or Notch expression should lead to increased 
adhesion between cells expressing Notch and its ligands Delta/Serrate.Test 
cells will be exposed to a particular treatment in culture and radiolabeled or 
flourescein labelled target cells (transfected with Notch/Delta/Serrate 
5 protein) will be overlayed. Cell mixtures will be incubated at 37 degrees C 
for 2hr. Nonadherent cells will be washed away and the level of adherence 
measured by the level of radioactivity/immunofluorescence at the plate 
surface. 

10 Using such methods it is possible to detect compounds or AfoteA-ligands that 
affect the expression or processing of a JVbfcA-protein or Mtfc/z-ligand. The 
invention also relates to compounds, or Aforc/z-ligands detectable by these 
assay methods. 

15 The invention also includes an assay method comprising contacting (a) Notch 
protein and a ligand capable of binding to the Notch protein with (b) a 
compound; and determining if the compound affects binding of the ligand to 
the Notch protein preferably wherein the Notch protein is associated with a T 
cell 

20 

The JVbrc/i-Iigands of use in the present invention are preferably Delta or 
Serrate family member proteins or polypeptides or derivatives thereof. These 
are preferably obtained using standard techniques of recombinant technology 
well known to the person skilled in the art. Appropriate gene sequences for 
25 use to generate such compounds of the present invention may be obtained from 
publications such as WO97/01571, WO 96/27610 and WO 92/19734. The 
invention is not however in any way limited by the Notch, Delta and Serrate 
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invention is not however in any way limited by the Notch, Delta and Serrate 
sequences disclosed in these publications. More preferably, such Notch, Delta 
or Serrate or family members, proteins or polypeptides or derivatives 
therefrom are fragments of the extracellular domains of Notch, Delta or 
5 Serrate, or family members or are derivatives of such fragments. As used 
herein, the term "Notch ligand" further includes any ligand or ligand family 
member that interacts with a Notch protein family member and includes the 
group of proteins referred to as "toporythmic proteins" i.e. the protein product 
of the Delta, Serrate, Deltex and Enhancer of split genes as well as other 
10 members of this gene family identifiable by virtue of the ability of their gene 
sequences to hybridize to, or their homology with Notch, Delta or Serrate 
proteins, or the ability of their genes to display phenotypic interactions. 

Notch, Delta and Serrate were first described in Drosophila and therefore 
15 represent prototypic proteins of the Notch receptor and Notch-ligand family 
members respectively. Multiple Notch proteins and ligands have now been 
described in many invertebrate and vertebrate species but their nomenclature 
may differ from that used in the fly. For example Notch is a homolog of Lin 
12 and Glp 1, Serrate/Delta are homologs of Jagged, Apxl and Lag-2. 

20 

Pharmaceutical formulations of the present invention may be formulated 
according to principles well known in the art. Thus the nature of the excipient 
and the amount of activity will depend upon the compound of the present 
invention which is to be formulated. 

25 

Preferably the pharmaceutical compositions are in unit dosage form. 
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Dosages of compounds of the present invention, to be administered to a patient 
in the form of a pharmaceutical formulation, could be determined by a suitable 
physician. 

5 The preferred administration route of a formulation of the present invention is 
any one of the usual methods of administration including intra-muscular and 
intra-peritoneal, intravenous injection, intranasal inhalation, lung inhalation 
subcutaneous, intradermal, intra-artieular, intrathecal, topical, and via the 
alimentary tract (for example, via the Peyers patches). 

10 

The term "derivative" as used herein, in relation to proteins or polypeptides of 
the present invention includes any substitution of, variation of, modification 
of, replacement of, deletion of or addition of one (or more) amino acid 
residues from or to the sequence providing that the resultant protein on 
15 polypeptide possesses the capability of modulating Notch-Notch iigand 
interactions. . 

The term "variant" as used herein, in relation to proteins or polypeptides of 
the present invention includes any substitution of, variation of, modification 
20 of, replacement of, deletion of or addition of one (or more) amino acid 
residues from or to the sequence providing that the resultant protein on 
polypeptide possesses the capability of modulating Notch-Notch ligand 
interactions. 

25 The term "analog" as used herein, in relation to proteins or polypeptides of 
the present invention includes any peptidomimetic, that is, a chemical 
compound that possesses the capability of modulating Notch-Notch ligand 
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interactions in a similar manner to the parent protein or polypeptide. These 
include compounds that may agonise or antagonise the expression or activity 
of a iVcrtc/z-protein or iVctfcfc-ligand. 

5 A compound may be considered to modulate Notch-Notch ligand interactions if 
it is capable of either inhibiting or enhancing the interaction of Notch with its 
ligands, preferably to an extent sufficient to provide therapeutic efficacy. 

The expression "Notch-Notch ligand" as used herein means the interaction 
10 between a Notch family member and a ligand capable of binding to one or 
more such member. 

The term therapy as used herein should be taken to encompass diagnostic and 
prophylactic applications. 

15 

The term "medical" includes human and veterinary applications. 

As used herein, the terms protein and polypeptide may be assumed to be 
synonymous, protein merely being used in a general sense to indicate a 
20 relatively longer amino acid sequence than that present in a polypeptide. 

The present invention will now be described by way of non-limiting example, 
with reference to the accompanying drawings, in which: 



25 



Figure 1 shows the results of in situ hybridisations carried out as described in 
Example 1 herein; 
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Figure 2 shows the results of the experiment described in Example 4. 
Figure 3 shows the results of the experiment described in Example 5. 
5 Figure 4 shows the results of the experiment described in Example 6. 
Figure 5 shows the results of the experiment described in Example 7. 
Figure 6 shows the results of the experiment described in Example 8. 

10 

Figure 7 shows the results of the experiment described in Example 9. 
Figure 8a and 8b show the results of the experiment described in Example 10. 
15 Figure 9 shows the results of the experiment described in Example 11. 
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KXAMPLE 1 

Notch, Helta and Swrate ar <> repressed in the peripheral immune system 

Antisense RNA probes specific for Notch 1, Delia 1 and Serrate I were 
synthesized and incorporated with digoxigenin labelled-UTP. Each probe was 

5 dissolved in hybridisation buffer, heated to 70°C for 5-10 minutes and added 
to TESPA coated slides containing 10mm sections of spleen or thymus that 
had been previously fixed with 4% paraformaldehyde + PBS. Slides were 
hybridized overnight at 65°C. The following day, slides were washed twice at 
65°C. and twice at room temperature (RT) with lxSSC/50% 

10 Formamide/0.1%Tween 20. Slides were washed twice with 0.1M maleic 
acid/0. 15M NaCl/0.1% tween 20 pH 7.5 (MABT) buffer at RT and then 
blocked for 2 h with MABT + 20% goat serum + 296 Boehringer blocking 
reagent (BBR). Slides were incubated overnight at RT with anti-digoxidenin 
F ab fragments. ' After four washes with MABT slides were washed a further 

15 two times in alkaline substrate buffer. The presence of bound anti-sense RNA 
probes was detected by incubating slides in substrate buffer containing NBT + 
BCIP in the dark. Slides were conterstained with haemotoxyiin and mounted 
in Depx mounting medium. 

20 Results: The results of these hybridisations are shown in Figure 1, that shows 
that in a spleen from a 3 month old mouse, Delta and Serrate are expressed by 
isolated cells in the periarteriolar sheath and not in the germinal centre(gc). 
Notch is expressed in many cells again in the periarteriolar sheath. 

25 
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EX AMPLE 2 
Prprhirfion of Delta-Fc fusion protein 

The pIG-1 [D. Simmons, "Cloning cell surface molecules by transient surface 
expression in mammalian cells" pp 93-128, Cellular Interactions in 

5 Development Ed. D. Hartley, pub. Ox. Uni. Press (1993)3 expression vector 
allows production of a fusion protein that contains the extracellular portion of 
Delta 1 linked to the human IgGl-F c domain. A restriction enzyme fragment 
that contained only the extracellular domain of the Delta 1 protein was cloned 
into the pIG-1 vector. The resultant plasmid was tranformed into E. Coli MC 

10 1061, and grown in SOB containing lOug/ml tetracycline/ampicillin. Purified 
vector was used to transfect COS cells in vitro. COS cells were grown to 50- 
75% confluency and transfected with 10 ug of plasmid DNA per dish by 
DEAE-dextran method. At 24 h post transfection the culture medium was 
replaced with culture medium containing 1% FCS and cells were cultured for 

15 a further 3-6 days in vitro. Cells were spun for 5mins/5000 rpm to pellet cells 
and debris, the. supernatant was removed and stored until required. The Delta- 
Fc fusion was purified from culture supernatants by adding 2ml of 50% slurry 
of protein a Sepharose (Phamacia) and rotated overnight at 4°C. Sepharose 
beads were isolated by passing culture supernatants through a 0.45 mm filter, 

20 washed and transferred to a 10 ml plastic column. The Delta-Fc fusion 
construct was eluted with 2 ml of elution buffer pH 4.0. The eluate was 
neutralised by the addition of 1M Tris base. 



25 



EX AMPLE 3 

Examples of models in which the Notc h - lig an d s i gna lling pathway may be 
investigated 
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Peripheral tolerance to self antigens can be analysed in T cell receptor (TCR) 
transgenic mice in which the TCR ligand is expressed as a self antigen only in 
the periphery. Peripheral tolerance to transplantation antigens can be induced 
in several ways including recipient pre-treatment with T cell antibodies or 

5 blockade of costimulation. It is thereby possible to demonstrate both linked 
suppression and infectious tolerance. Peripheral tolerance to allergens may be 
induced by the intranasal delivery of allergen derived peptides. The 
expression of Notch-Notch ligands is measured on cells recruited into the 
airways and/or lymphoid tissues following allergen inhalation and 

10 modifications in tolerance demonstrated. Furthermore, in experimental 
models of infections with infectious agents, the expression of Notch-Notch 
ligands can be measured on the organism (pathogen) and immunocompetent 
cells in the host. 

15 FXAMPLE 4 

Delta expressin g hvhridnmas can i nhibit the re sponses of antigen primed 
lymphocytes. 

Mice were immunised with a synthetic peptide containing an immunodominant 
epitope of the house dust mite allergen (HDM), Der pi (pi 10-31), or with 
20 ovalbumin (OVA, hen egg white protein). One week later the lymph node 
cells (LNCs) were removed and cell suspensions made. Lymph nodes from 
animals immunised with different antigens were kept separate. These cells are 
referred to as primed LNCs. 

25 T cell hybridomas were transfected with either full length Delta or a control 
plasmid, such that delta was expressed as a membrane protein. After two days 
in culture the hybridomas were irradiated to prevent them from proliferating 
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or from producing cytokines. Therefore, the only response which was 
measured in the assay comes from the lymph node cells alone. 



The irradiated hybridomas were added in increasing numbers to cultures 
5 containing the primed LNCs. The appropriate antigen (i.e. pi 10-131 or 
OVA) was added and the cells cultured for 24 hours. Supernatent fluids were 
then collected and assayed for IL-2 (a major T cell growth factor) content. 
Proliferative responses of the lymph node cells after 72 hours were also 
measured. 

10 

Results: Lymph node cells cultured in the presence of irradiated hybridomas 
that expressed a control plasmid still proliferated as shown in Figure 2 and 
secreted IL-2 when stimulated in culture with the appropriate antigen. Their 
responsiveness was maintained at a ratio of 1:1 LNC:hybridoma. In contrast, 

15 the proliferative response and production of IL-2 by lymph node cells was 
reduced by at least 88% when cultured in the presence of hybridomas 
expressing full length Delta (at a ratio of 1:1) with the appropriate antigen. 
Hybridomas transfected with control virus (open circles), delta virus (open 
squares). Figure 2 shows the data presented as counts per minute (cpm) 3 H- 

20 Tdr incorporation 72 hours after the beginning of culture. Cpm of lymph node 
cells (LNC) cultured with hybridomas expressing delta or control constructs. 
Total numbers of cells/well = 4 x 10 5 (i.e the number of LNCs varies 
according to the ratio of hybridomas to LNC, so the cpm will vary). pllO-131 
LNC are cells primed with Der pi (pi 10-131), OVA LNC are cells primed 

25 with OVA. 2BB11 and 2BC3 are two different Der pi reactive hybridomas. 
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These data show that inhibition of responses by Delta expressing T cells can 
be delivered in trans. Although in this culture system Delta expressing T 
hybridomas specific for Derp 1 were able to inhibit the response of OVA 
primed T cells, this apparent lack of specificity appears to be due to the close 

5 proximity of cells forced by the culture system. Indeed, the data shown in 
Figures 8a and 8b show that in animals the delta expressing hybridoma must 
share antigen specificity with the immunogen for there to be an modulating 
effect on the immune response to that immunogen. In this case it appears that 
the delta expressing T cells can only be brought into proximity with the 

10 responding T cells if they recognise the same antigen on the same APC. 



EXAMPLE 5 

Serrate expressing Dendritic cells prevent antigen priming of T 
lymphocytes. 

15 Dendritic cells (DCs) are the primary antigen presenting cell in the immune 
system and are critical for stimulating T cell responses. DCs were obtained 
from the spleen and transfected with either a retrovirus allowing expression of 
the full length Serrate protein or a control retrovirus. The DCs were also 
pulsed with the HDM peptide pi 10- 131 for 3 hours in vitro at 37°C. The 

20 DCs were then washed and used to immunise naive mice subcutaneously using 
10 5 cells/mouse. After 7 days the draining LNCs were recovered and 
restimulated in culture with peptide at 4xl0 5 cells/well. Since the mice were 
only immunised with peptide-pulsed DCs this gives us a measure of the ability 
of these cells to prime an immune response. 



25 
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Results: Figure 3 shows the data presented as cpm of LNCs 72 hours after 
culture from animals immunised with control transfected (open circles) or 
serrated transfected (open squares) dendritic cells (DCs). 

5 Immunisation of mice with DCs expressing Serrate resulted in a 10 fold 
decrease in the number of cells recovered from lymph nodes when compared 
to immunisation with control DCs. We further found that LNCs from mice 
immunised with DCs+Serrate failed to proliferate (93% reduction on control 
values, Figure 3) or secrete IL-2 when compared to cells from mice 

10 immunised with control DCs. 

EXAMPLE 6 

Deita ex pressing T cell hvhridoma s are ahle to inhihit the development of 
immunity tn Per p 1 antigen in animals. 

15 T cell hybridomas (reactive with Der p 1) were transfected with a retrovirus 
containing mouse Delta such that Delta was expressed on the cell surface or 
with a control retrovirus. C57 BL mice were injected with 10 million 
irradiated hybridomas i.p. and immunised with 50 microgram Der p 1 
emulsified in Complete Freunds Adjuvant (CFA) sub-cutaneously. After 7 

20 days the draining lymph node cells were collected and cultured at 4 x 10 5 
cells/well with Der p 1 (10 microgram/ml), peptide 110-131 of Der p 1 (10 
microgram/ml), or peptide 81-102 of Der p 1 (10 microgram/ml). Cultures 
were incubated at 37°C for 72 hours and tritiated thymidine added for the final 
8 hours of culture. Results of proliferation assays of cells from animals 

25 injected with control transfected (puro) or Delta transfected (Delta-FL) are 
shown in Figure 4. 
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Results: LNC from animals injected with control virus transfected hybridomas 
produced high levels of EL-2 and proliferated in culture in the presence of Der 
p 1, peptide 110-131 or peptide 81-102. In contrast, cells from animals 
injected with Delta expressing hybridomas made no response to any of the Der 
5 pi antigens (Fig. 4). 

EXAMPLE 7 

Delta repressing human T cells can block the response of normal T cells, 

An influenza-reactive human T cell clone (HA1.7) was transfected with mouse 
10 Delta using a retroviral construct to allow cell surface expression of the Delta 
protein. Mixing of this cell population with normal HA1.7 prevented 
subsequent reactivity of these normal HA1.7 with peptide HA306-318 and 
antigen presenting cells. 5 x 10 5 HAL7 were mixed with 1 x 10 6 irradiated 
DRB1*0101 pripheral blood mononuclear cells (PBMC) + 1 microgram 
15 HA306-318 and cultured at 37°C 6 hours later 5% lymphocult (EL-2 
containing medium) was added in a total volume of 1ml. 24 hours after the 
initiation of culture Delta or control retrovirus or nothing was added. 7 days 
after the start of culture, cells were harvested, washed and the transfected cells 
irradiated. The transfected cells were mixed at a ratio of 2:1 with untreated 
20 HA1.7 and cultured for 2 days. Mixed cultures were then harvested, washed 
and plated out using 2 x 10 4 viable cells/well together with 

a) 2.5 x 10 4 DRB1*0101 PBMCs (medium) 

b) 2,5 x 10 4 DRB1*0101 PBMCs + peptide (Ag + APC) 

c) 5% lymphocult (IL-2) 

25 Cells were harvested after 68 hours with the addition of tririated thymidine for 
the final 8 hours. The results are shown in Figure 5. 
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Results: Following culture alone or with control virus transfected HA1.7, 
untreated HA1.7 responds well to peptide + antigen presenting cells. 
Incubation with Delta transfected irradiated HA1.7 completely prevents the 
response of untreated HA1.7 to antigen + APC. However, such cells respond 
5 as well as untreated or control virus incubated HA1.7 to EL-2, indicating that 
they are not simply unable to proliferate (Fig. 5). 

EXAMPLE 8 

Serrate expression hv antigen presenti ng cells prevents T cell responses. 

10 Clone HA1.7 was mixed with peptide HA306-318 (1.0 microgram/ml) in the 
presence of L cells expressing HLA-DRBl*0101(as antigen presenting cells), 
using 2x1 0 4 of each cell type. The L cells were transfected with either control 
(puro) or serrate (serrate L cells) expressing retrovirus. The proliferative 
response was measured after 72 hours following addition of tritiated thymidine 

15 for the last 8 hours of culture. Results are shown in Figure 6 for HA1 .7 cultures: 

a) alone [x] 

b) +IL-2 □ 

c) + peptide + DRB1*0101-L cells 0 

d) + peptide + DRB 1 *0101-L cells transfected with control virus S 
20 e) + peptide + DRB 1*01 01-L cells transfected with serrate virus □ 

Results: HA 1.7 stimulated by serrate expressing L cells responded poorly to 
antigen when compared with those stimulated by control transfected L cells (Fig. 
6). 



EXAMPLE 9 

Serrate expressing antigen presenting cells induce regulatory T cells 
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Clone HA1.7 was mixed with peptide HA306-318 and L ceils (expressing 
DRB1*0101 as antigen presenting cells) in the presence of 2% TheLceils 
were transfected with either control or serrate expressing retrovirus. After 7 
days in culture, the HAL7 were harvested washed and irradiated before being 

5 mixed with fresh HAL7 (using 2x1 0 4 each population). Cells were cultured for 
a further 2 days before being stimulated with peptide (1.0 microgram/ml) + 
normal antigen presenting ceils (DRB1*0101 PBMCs). The proliferative 
response was measured after 72 hours following addition of tritiated thymidine 
for the last 8 hours of culture. The results are shown in Figure 7 for fresh HA1 .7 

10 cultured: 

a) alone £3 

b) +IL-2 Q 

c) + control virus induced HA 1.7, then peptide 4- DRB1*0101 PBMC = 

d) + serrate virus induced HAL7, then peptide + DRB1*0101 PBMC E 
15 Results: HA1.7 induced by serrate expressing L cells (Serrate induced HA1.7) 

prevented the response of normal HA1.7 to a normal antigenic stimulus (Fig. 7). 
This shows the ability of cells tolerised by exposure to serrate, to pass on their 
tolerance to a naive cell population (infectious/bystander tolerance). 



20 EX AM P LE 1 0 

The regulation induced bv delta exp ress ing T cells is antigen specific. 

Mice were injected with 10 7 T cell hybridoma cells transduced with either delta 
or control retrovirus. The hybridoma was 2BC3 which has specificity for 
peptide 1 10-131 of Der pi. At the same time, animals received either Der pi or 
25 ovalbumin emulsified in complete Freund's adjuvant. 7 days later, lymph node 
cells were removed and 4x1 0 D ceils were cultured in the presence of Der pi or 
ovalbumin (using the same antigen that they had already been immunised with). 
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The production of IL-2 was measured 24 hours after the start of culture. 
Stimulation indexes for IL-2 production are shown in Figures 8a (responses of 
animals immunised with Der pi) and 8b (responses of animals immunised with 
OVA) for animals injected with hybridomas transfected with control (puro) or 
5 Delta (delta) retrovirus. 

Results: The response to Der pi in animals injected with delta expressing 2BC3 
hybridomas was virtually completely abolished whereas the response to 
ovalbumin was unaffected. These data are shown in Fig. 8a and 8b where each 
10 dot represents the IL-2 production by an individual mouse to antigen as a 
stimulation index (SI) of control responses (no antigen added). 

EXAMPLE 11 

Delta is expressed on T cells during the induction of tolerance 

15 HA1.7 was cultured in the presence of peptide HA306-318 (50 ug/ml) in the 
absence of APCs. Such conditions result in a state of tolerance in the HA1.7. 
After 030, 120, 240 or 360 minutes, cells (1. 5x10 s ) were harvested , pelleted 
and frozen. RNA was prepared from cell pellets by homogenisation in 
guanidium thiocyanate solution followed by CsCl density centrifugation. 1 ug 

20 RNA was converted into cDNA using an oligo dT primer. Of the resultant 
cDNA, l/20th was used in PCR (40 cycles) using primers specific for the human 
delta homolog. PCR samples were analysed by gel electrophoresis (Figure 9) 
wherein lane 1, marker, lane 2, t=0, lane 3, t=30min, lane 4, t=120min, lane 5, 
t=240 min, lane 6,t=360min and lane 7 is the negative control. 

25 

Results.: Resting HA1.7 did not express Delta mRNA, but transcripts appeared 
within 2 hours of initiation of the tolerisation protocol. 
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EXA3V1PLE 12 

Analysis of Notch 1. Serrate 1 and Delta 1 expression during the i nduction of tolerance by 
immunohistology and in site hybridisation. 

C57 BL/6J mice were treated intranasally with either 100 microgram Der p 1 peptide 1 10- 13 1 
or a control solution (phosphate buffered saline, PBS) on three consecutive days. Intranasal 
adminstration of antigen in this way is known to induce tolerance to the antigen. Some 
animals were then rested for 2 weeks before being rechallenged with antigen by injection of 
50jj.g Der pl/CFA subcutaneously into the base of the taiL The superficial lymph nodes and 
spleens of animals were harvested at various time points thereafter (dO being the first day of 
intranasal treatment or antigen rechallenge) and processed for immunohistology or in situ 
hybridisation. For immunohistology, tissues were frozen and 3]im sections cut, fixed in ice 
cold acetone and stained with polyclonal antibodies specific for Notch 1 and Serrate L Bound 
antibody was detected using a horseradish peroxidase conjugated goat anti-rabbit antibody 
developed with diaminobenzidine as the substrate. Delta 1 specific antibodies were not 
available for the study. For in situ hybridisation, frozen tissues were sectioned and fixed in 4% 
paraformaldehyde. Sections were hybridised with digoxigenin coupled antisense RNA probes 
specific for Notch 1, Serrate 1 and Delta 1 at 65°C. Bound probe was detected by alkaline 
phosphatase conjugated goat anti-digoxigenin antibody developed using NBT and BCIP as the 
substrate. Data shown in tables 1 and 2 are for immunohistology and in situ hybridisation 
respectively. Data represent the analysis of tissues from 5 separate mice after intranasal 
peptide alone (PBS/pllO-131 primary) or intranasal and subcutaneous antigen (PBS/pl 10-131 
rechallenge. 

+ weak staining, moderate staining, +++ stong staining. 
Results: 

Basal levels of Notch, Delta and Serrate are expressed in control mice receiving only PBS. 
Mice dosed intranasally with PBS and subcutaneously with antigen showed a moderate 
increase in expression of all three molecules within 8 days of rechallenge. Animals given either 
intranasal peptide alone or intranasal peptide followed by antigen rechallenge showed the same 
pattern of increased expression of Notch Delta and Serrate which was more rapid and greater 
than in control mice. 
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Other modifications of the present invention will be apparent to those skilled 
in the present art. 

5 
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CLAIMS 

1. Use of a MrfcMigand in the manufacture of a medicament for use in 
immunotherapy. 

5 2. Use according to claim 1, wherein the immunotherapy involves the treatment 
of a T-cell mediated disease or infection. 

3. Use according to claim 2, wherein the T cell mediated disease or infection is 
due to of any one or more of allergy, autoimmunity, graft rejection, tumour 
10 induced abberations to the T cell system and infectious diseases such as those 
caused by Plasmodium species. Microfilariae, Helminths, Mycobacteria, HIV, 
Cytomegalovirus, Pseudomonas, Toxoplasma, Echinococcus, Haemophilus 
influenza type B, measles, Hepatitis C or Toxicara. 

15 4. Use according to any of claims 1 to 3, wherein the Mtfc/i-ligand is selected 
from Serrate, Delta or fragments, derivatives or analogs thereof. 

5. A Afofdr-ligand, or fragments, derivatives or analogs thereof, for use in 
affecting linked suppression. 

20 

6. A Aforc/z-iigand, or fragments, derivatives or analogs thereof, for use in 
affecting infectious tolerance. 

7. A method of tolerising T cells to an allergen or antigen comprising 
25 incubating/exposing said T cells to antigen presenting cells expressing or 

overexpressing a Afo/c/j-ligand: in the presence of said allergen or antigen. 
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8. A method according to claim 7, wherein the (over)expression of the Notch- 
ligand is due to the APC being transfected with a virus capable of expressing 
said ligand. 

5 9. A method according to claim 7, wherein the (over)expression of the Notch- 
ligand is due to the APC being stimulated by an agent that up-regulates 
expression of a Ak/cA-ligand expressing gene. 

10. A method according to claim 9, wherein the agent is selected from Noggin. 
10 Chordin, Follistatin, Xnr3, fibroblast growth factors or derivatives or fragments 

thereof. 

1 1. A method according to claim 7, 8,9 or 10 wherein the APC is selected from 
dendritic cells, L cells, hybridomas, lymphomas, macrophages, B cells or 

1 5 synthetic APCs such as lipid membranes. 

12. A method according to any of claims 7 to 11, wherein the Afcfc/z-ligand is 
selected from Serrate, Delta or fragments, derivatives or analogs thereof. 

20 13. A molecule comprising a NotchAigmd moiety operably linked to a T cell 
allergen or antigen moiety such that upon exposure to T cells both moieties are 
capable of binding to their respective sites. 

14. A molecule according to claim 12 or 13, wherein the Afo/cMgand moiety 
25 is selected from Serrate, Delta or fragments, derivatives or analogs thereof. 



WO 98/20142 



PCT7GB97/03058 



-31- 

15. A fusion protein comprising a segment of a Notch ligand extracellular 
domain and an immunoglobulin F c segment. 

16. A fusion protein according to claim 15 wherein the Notch ligand 
5 extracellular domain is derived from Notch, Delta or Serrate. 

17. A fusion protein according to claim 15 or 16 wherein the F c segment is 
IgGF c or IgMF c 

10 18. A kit comprising immobilised Notch or family members to allow 
measurement of soluble Notch ligands originating from pathogens, 
transplanted grafts or cells of the host. 

19. An assay method comprising contacting (a) a Notch protein and a ligand 
15 capable of binding to the Notch protein with (b) a compound; and determining 

if the compound affects binding of the ligand to the Notch protein. 

20. A ligand capable of binding to Delta or Serrate proteins or their 
derivatives expressed on or secreted by pathogenic organisms tumours or 

20 transplanted grafts, for use in medical therapy. 

21. An assay method comprising determining the in vivo level of soluble free 
Serrate, Notch or Delta family members or forms thereof. 



25 



22. An assay for detecting the affect of a compound on the expression or 
processing of functional M»c/z-protein or Notch ligand comprising contacting 
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cells expressing iVorc/i-protein or Notch ligand with a compound; and monitoring 
an increase or decrease in expression or processing of said protein or ligand. 

23. Compounds, Afofc/z-Iegands, derivatives, fragments or analogs thereof, 
5 detectable by the assay of claim 22. 

24. Use of an agent capable of downregulating the expression of Delta or 
Serrate proteins or reducing its presentation as a cell membrane protein in the 
manufacture of a medicament for use in reversing bacteria, infection or tumour- 

10 induced immunosuppression. 

25. Use according to claim 24, wherein the agent is a Toll protein or bone 
morphogenetic protein. 

15 26. Use of a Notch-]igmd in the modulation of the expression of a functional 
Ab/c/z-protein or Notch signalling pathways. 
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Fig 5 
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Fig 8b 
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